Steer gains, aboveground biomass (AGB) remaining at the end of the growing season, and economic returns of Kansas were measured on annually-burned Kansas Flint Hills rangeland under different grazing management schemes. These systems included: Season-Long Stocking (SLS-C), Intensive Early Stocking (IES-C) and a grazing system which included a two-year rotation of IES-Rotated (IES-R), and IES + Late-Season Grazing at the normal stocking rate (IES+LSG). No supplemental feeding occurred. Each treatment was applied each year; therefore there is a comparison of IES-C and IES-R. Previous work has shown that grazing at twice the normal stocking rate until mid-season resulted in greater regrowth availability which, in the late season, resulted in steers gaining as well as or better than those stocked SLS-C at the normal rate even though the stocking rate was higher than normal. The remaining AGB at season's end on pastures grazed under the IES+LSG treatment was lower than annual IES in seven of the 10 year, but that on IES-R pastures did not differ from IES-C. Average SLS-C steer gains (lb/ steer) were less in eight of the 10 year than gains for steers grazed season-long under the IES+LSG. In the other two years, SLS-C steer gains were equal to that of the steers grazed season-long under the IES+LSG. Steer gains per acre were always greater on pastures grazed under IES or for the two-year rotation of IES+LSG and IES-R system compared to SLS-C. Net returns ($) per acre were approximately 50% greater under IES and 75% greater for the two-year rotation system compared to SLS-C pastures.
Flint Hills Prairie season long (SLS) (Smith and Owensby, 1978) . Owensby et al. (2008) and Owensby and Auen (2013) conducted research in the Kansas Flint Hills on preconditioning forage on an area by grazing at twice the season-long stocking rate during the first half of the growing season followed by grazing at the normal season-long rate during the last half of the season [Intensive Early Stocking plus Late Season Grazing (IES+LSG)] which resulted in a larger amount of regrowth in the diet in the late season for the steers that remained for the full grazing season compared to normal season-long stocking. By creating increased regrowth availability in the late season, steers that remained for the full grazing season following the doubled stocking rate in the early season gained more than those stocked at the normal season-long rate for the growing season. Owensby et al. (2008) rotated the IES+LSG pasture with IES and SLS in a three-year rotation to mitigate the reduction in plant vigor under the high stocking rate of the IES+LSG treatment by 2 year of stocking at the normal season-long rate with SLS and IES. They concluded that it was likely that bluestem range could recover productive capacity by grazing at the normal SLS rate for only one season following the IES+LSG treatment. Based on that conclusion, Owensby and Auen (2013) conducted a 10-year study where IES+LSG was rotated with SLS in a 2-year rotation and found that forage productive capacity was maintained at a consistently lower level over the 10-year study when compared to SLS. In both the 3-year rotation and the 2-year rotation studies, net returns for the IES+LSG rotations were greater than SLS or IES applied annually. Harmoney and Jaeger (2011) reported that a similar grazing scheme in a central Kansas shortgrass prairie, which they termed "modified intensive-early stocking", showed no reduction in annual per head gains for steers grazed the full growing season following IES. Since IES increases gain per acre compared to SLS without reducing individual animal gains (Smith and Owensby 1978) , the next logical step was to compare a 2-year rotation of IES+LSG and IES with SLS and IES applied annually. Since IES has no grazing during the last half of the grazing season compared to SLS, it was hypothesized that a rotation of IES+LSG with IES would not have reduced biomass production following IES+LSG while increasing per acre gains and net return.
The objective of this study was to measure and compare steer weight gains, biomass production, and net returns on burned Kansas Flint Hills bluestem range grazed SLS annually, grazed IES annually, and grazed in a 2-year rotation of IES and IES+LSG. (Anderson et al., 1970) . The 30-year average annual precipitation is 33 in with 20 in occurring during the growing season (Fig. 1) . The 12 grazing units used in the study ranged in size from 69 to 79 acres and were annually burned in late April. Each grazing unit contained comparable amounts of loamy upland, breaks, clay upland, shallow limey, and lowland range sites (Anderson and Fly 1955) . Prior to the beginning of the study, all grazing units were burned annually and grazed under SLS or IES by steers for several decades.
Research Site

Experimental Design
Grazing treatments replicated three times in a completely random design were: SLS-C-grazed from about 1 May each year until approximately 1 October by steers which averaged near 550 lb at four acres per steer, IES-C-grazed at two acres per steer until mid-July during the entire study. The system which was compared to IES-C and SLS-C contained: IES-R-grazed at two acres per steer until mid-July, and IES+LSG-J-grazed at two acres per steer until mid-July, and IES+LSG-O-grazed at two acres per steer until midJuly followed by late season stocking at four acres per steer until October 1. Typically, grazing systems studies impose 
Measurements and Statistical Analyses
Aboveground Biomass Sampling
Aboveground biomass was determined gravimetrically in early October from 2007 through 2016 by clipping quadrats to ground level. Six, 1.64-ft × 1.64-ft quadrats were equally spaced along a 328-ft transect in loamy upland range sites equidistant from water in each grazing unit. Grasses and forbs were separated and dried to a constant weight at 130°F and reported as pounds per acre.
Economic Analyses
Economic analyses were performed by developing costreturn budgets (per head and per acre) for each of the grazing schemes (SLS-C, IES-C, IES-R, IES+LSG-J, and IES+LSG-O) and the 2-year rotation of IES+LSG and IES (System). Cost estimates were based on projected and actual grazing budgets for eastern Kansas (Dhuyvetter, 2012) as well as actual costs that occurred in the research trials where appropriate. Costs for pasture were examined as a cost per head for the grazing period. Pasture rental rates were fixed at $20.00 per acre. Cattle prices for 500 to 550 lb steer calves in May (purchase price) and 700 to 800 lb feeder steers in July and October (sale price) were obtained each year of the study from Iowa State University Extension and Outreach (2016). Initial weight and weight gain in July or October were the means for the 10-year period.
Budgets were developed on a per head basis initially as this is typically how costs and returns are reported. Returns per head were adjusted by stocking rate to derive a per acre basis that allowed comparisons across the grazing schemes. Returns per acre, as opposed to returns per head, are the relevant measures if the land base is the constraining resource. That is, a producer with a fixed amount of land will want to maximize the returns and/or minimize the risk per acre as opposed to per head.
Statistical Analysis
Steer gain and aboveground biomass data were analyzed as a completely random design using the SAS-GLM Mixed Model ANOVA procedure (SAS Institute, Cary, NC) with treatment Table 1 . Grazing treatments for one of three replications of the study over the 10-yr period. The SLS-C = grazed at 4 acres steer applied annually during the 10-yr period. The IES-C = grazed at 2 acres per steer until mid-July. The IES-R = grazed at 2 acres per steer until mid-July. The IES+LSG-R was grazed at 2 acres per steer until mid-July followed by late season stocking at four acres per steer until October 1. 
as a fixed effect and years a random effect. Probabilities of a significant difference are reported and means separated using Least Square Means Differences (P < 0.10).
Results
Steer Gains
The treatment by year interaction for per head and per acre gains was statistically significant (P = 0.001); therefore yearly means are reported.
Per Head Gains
Average SLS-C gains were less than those of steers that were retained on the same pasture that was grazed at 2 acres per steer until mid-July and grazed for the remainder of the season at 4 acres per steer IES+LSG-O) in 8 of the 10 year in the study (Table 2 ). In 2015, gains per steer were greater on the SLS-C grazing treatment than under IES+LSG-O, and, in 2016, they did not differ. Gains for steers removed in July under the IES-C and IES-R treatments did not differ, except in 2008, 2013, and 2014 when steers on the IES+LSG-J treatment had greater gains than those on both the IES-C and IES-R treatments.
Per Acre Gains
Steer gains per acre (Table 3) 
Aboveground Biomass in October
The treatment by year interaction was significant for grass (P = 0.001) and forb (P = 0.03) aboveground biomass (AGB). Therefore, treatment by year AGB means are reported.
October Grass Aboveground Biomass
At the end of the grazing season in 2007, 2008, and 2016 , pounds per acre of grass AGB was not different among treatments (Table 4) . From 2009 through 2015, AGB following IES+LSG grazing was less at season's end than SLS-C, IES-C, and IES-R, except in 2012 when SLS-C and IES+LSG grazing resulted in equal grass AGB. Grass ABG was equal every year between the IES-C and IES-R grazing treatments. (Table 2 ) divided by the 6 acres in the System. ‡ Values are means of three replications, and means with a common letter within a year do not differ (P ≤ 0.10). SLS-C = Season Long Stocking (4 acres/steer) from early May until early October; IES-C = Intensive Early Stocking (2 acres/steer) from early May until mid-July applied annually; IES-R = Intensive Early Stocking (2 acres/steer) from early May until mid-July following Intensive early Stocking plus Late Season grazing the previous year; IES+LSG = Intensive Early Stocking (2 acres per steer) followed by Late Season Grazing (4 acres/steer) on the same pasture.
October Forb AGB
Forb AGB (lb/acre) did not differ among grazing treatments at the end of the growing season during the first 6 year of the study except in 2010 when SLS-C forb AGB was less than that of the other grazing treatments (Table 5) . Forb AGB was lower under the IES-C treatment than under the other grazing treatments in 2013, but greater than the other grazing treatments in 2015. Forb AGB in 2015 on the IES-C grazing treatment was greater than all other grazing treatments. In 2016, forb AGB was greater under IES-R grazing than that of the other grazing treatments.
Economic Analysis
Net returns were highly variable among years due to market fluctuations (Table 6 ). Overall, net returns per steer were enhanced when comparing net returns for steers in the system with continuously applied grazing treatments; i.e. IES+LSG-O > SLS-C and IES-R > IES-C. Across the 10 year, returns per steer for the IES+LSG-T pastures (net returns were divided by 2 to represent a single steer) were higher than any other grazing treatment. Net returns per steer for the System were higher than the other grazing treatments. SLS-C steers had lower net returns than IES+LSG-O steers. Net returns per steer for the IES-C and IES-R were similar, but less than those for IES+LSG-July.
Since the stocking rate was increased by 25% on the IES+LSG-T pasture, net returns per acre were 87% greater than that for SLS-C and 49, 52, and 65% greater for the IES-C, IES-R, and IES+LSG-J grazing treatments, respectively. When the IES-R and IES+LSG-T net returns per acre were combined to derive a System net return, there was a 75% increase in net profit above that of SLS-C pastures. Compared to net returns on the IES-C, the System increased net profits by 18, 16, and 7% above those for the IES-C, IES-R, and the IES-J grazing treatments, respectively.
Implications of the Research
The objectives of this study were to determine if rotating IES+LSG with IES every other year would sustain biomass production and increase per steer and per acre gains and net profit compared to SLS and IES applied annually. Under IES+LSG, steers are stocked at a rate of 2 acres per steer and in mid-July, half the steers are removed (IES+LSG-J) and the remaining steers are allocated 4 acres per steer. Those steers are designated by IES+LSG-O. In a previous study using a 2-year rotation of IES+LSG with SLS (Owensby and Auen, 2013) , steers with a pre-conditioning of the late-season forage by grazing at twice the season-long stocking rate in the first half of the season followed by grazing at the season-long rate during the latter half increased the per head steer gains for steers grazed season-long compared to those steers which were grazed at the normal season-long stocking rate each year. They reported that steers that were grazed season-long at the normal stocking rate the following year (SLS-R) also gained more than those steers which were grazed a the normal season-long stocking rate each year. The results from this study were similar to those in the previous study for the IES+LSG-O comparison, but the gains on IES-R pasture were greater in only 1 of the 10 year. Steer gains in 2007 and 2008 were lower than in any other year, likely due to their condition on initial stocking. Those years, the steers had been wintered such that they gained at a high rate during the winter prior to being placed on summer range. Launchbaugh (1957) showed that steers on a high level of nutrition during winter had lower gains on native range the following summer than those wintered on a moderate to low level of nutrition. .   Year  SLS  IES  IES-R  IES+LSG   2007  1028a †  925a  731a  1269a   2008  2541a  2715a  1861a  2390a   2009  2825b  3212b  2606b  1869a   2010  1850b  2203b  2819b  1035a   2011  2702b  2341b  2003b  958a   2012  968a  1663b  1603b  658a   2013  2367b  2572b Because IES rather than SLS was rotated with IES+LSG in this study, gains per acre were substantially greater than those reported for a study where SLS was rotated with IES+LSG (Owensby and Auen, 2013) . Steers that grazed season long following IES in that study, and in the study reported here, had greater gain than steers grazed SLS annually. In this study, the increased gain per steer and the increased gain per acre with the use of IES as the rotated pasture had a greater impact on net returns than that obtained in the study where SLS was used on the rotated pasture (Owensby and Auen, 2013) .
Net returns per acre for the System (an IES-R and an IES+LSG combination) were 75% greater than those for the SLS-C treatment and 18% greater than IES-C. The greater net return accrued due to the 25% increase in stocking for the System with an increased gain for the IES+LSG steers. In addition to the greater net returns for the system (combination of the IES-R and IES+LSG), the ability to market at two different times provided a reduction in risk. In 2012, steers grazed using IES-C lost $50.56 per head while those grazed under SLS-C had a positive return of $64.94. The system essentially broke even that year. An opposite outcome occurred in 2015 with SLS-C steers only netting $79.25 while those grazed in the System netted $424.72 per steer. During the other years, the net returns per steer were consistently in favor of the System, but not at the magnitude as in 2015. Owensby et al. (2008) in an earlier study calculated metrics associated with risk and concluded that there was reduced risk for a system which included IES+LSG, SLS-R, and IES-R in a 3-year rotation. Obviously, increasing stocking rate with increased per steer gains brings a greater net return with a fixed land resource. In order for the System to be applied over many years, biomass productivity must be sustained. The biomass production of the pastures in the System were consistently lower in the year with the IES+LSG grazing treatment, but the biomass production for the IES-R pasture the year after IES+LSG was consistently equal to those of IES-C and SLS-C. We conclude that the System will provide increased net returns on a consistent basis in the long term.
Use of IES+LSG rotated with IES provides the Flint Hills rancher with the ability to increase net profits above those of the traditional burned practice followed by annual season long stocking or intensive early stocking. A landowner with a fixed land resource can increase income without increased Table 6 . Net returns per steer and per acre for different grazing schemes. The values were derived using market prices for each year and mean steers gains for the 10 yr. study period. The SLS-C net returns are for steers grazed season-long each year. The IES-C-net returns are for steers grazed until mid-July each year. The IES-R-net returns are for steers grazed IES the year following IES+LSG. IES+LSG-J-net returns for steers removed in mid-July in the IES+LSG pasture. The IES+LSG-O-net returns are for steers that grazed season long in the IES+LSG treatment. System net returns are a combination of the IES+LSG-O and IES+LSG-J values. Returns in parentheses are negative.
% Increase per acre above SLS-C -49% 52% 65% 5% 87% 75%
% Increase per acre of System vs. other grazing schemes 75% 18% 16% 7% --- † Per steer values for the System were the sum of IES-R and IES+LSG-T net profits divided by 2 to represent a single steer. Prices used are in Table 7 . fixed costs. Owensby et al. (2008) and Owensby and Auen (2013) both concluded that a producer could sort off the heavier steers in mid-summer on the IES+LSG pasture and retain the lighter steers during the latter half of the growing season so that they could reach a desired weight for entering the feedlot. In fact, this strategy to remove the heaviest animals at midsummer was useful on the "modified intensive early stocking" system applied in shortgrass prairie (Harmoney and Jaeger, 2011) . Most ranch owners who graze steers in the summer on Flint Hills range and those who lease Flint Hills pasture for grazing steers in the summer have switched to IES, and, as a consequence, the number of feeder steers in the fall has been reduced. The IES+LSG-IES System increases steer numbers in the fall would partially offset that deficit.
